To determine variability in urethral stricture surveillance. Urethral strictures impact quality of life and exact a large economic burden. Although urethroplasty is the gold standard for durable treatment, strictures recur in 8%-18%. There are no universally accepted guidelines for posturethroplasty surveillance. We performed a literature search to evaluate variability in surveillance protocols, analyzed costs, and reviewed performance of each commonly used modality.
U rethral strictures negatively impact quality of life and exact a large economic burden. 1, 2 It is more prevalent in historically vulnerable and underserved patients including older men, African Americans, and inner city populations. 1 In addition to lower urinary tract symptoms and recurrent urinary tract infections, long-standing obstruction may lead to more severe sequelae such as detrusor dysfunction, renal failure, urethral carcinoma, and Fournier gangrene. 1, 3, 4 Annual expenditure for treatment of urethral stricture disease in 2000 was estimated to be $191 million, most of which was due to outpatient surgery visits. 1 Open urethral reconstruction is considered a durable and definitive treatment for urethral stricture with lifetime success rates ranging from 75% to 100%. 5 Strictures may recur long after urethroplasty. 5 Consequently, long-term surveillance for stricture recurrence after urethroplasty is an essential component of disease management.
Despite the availability of multiple surveillance options, there is no standard surveillance modality or regimen for stricture recurrence after urethroplasty. [5] [6] [7] [8] There are many surveillance modalities with a wide range of cost, availability, invasiveness, and risk of complications. These include history and physical with the use of a validated questionnaire such as the American Urological AssociationeInternational Prostate Symptom Score, urine analysis (UA) and urine culture (UCx), postvoid residual (PVR) ultrasound (US), uroflowmetry (UF), urethral US via penile or urethral US, retrograde urethrogram (RUG), voiding cystourethrogram (VCUG), urethral calibration, and flexible cystoscopy. 5, 8 Additionally, these modalities are used in varying combinations in a multitier process. 5 To characterize the cost of urethral stricture surveillance, we performed a survey of the literature to delineate commonly used surveillance modalities and surveillance regimen by stricture type and repair type; we performed a comparison of charges for each individual modality and surveillance regimen as a marker for cost, a description of potential complications of select surveillance modalities, and a review of the sensitivity and specificity of select surveillance regimen.
METHODS
A MEDLINE or PubMed search of the published literature for "urethroplasty," "urethral stricture," and "stricture recurrence" was performed to ascertain commonly used surveillance strategies for stricture recurrence in patients who had undergone open urethral reconstruction for urethral stricture disease. All English language articles published in peer-reviewed journals from 2003 to 2012 were included in our analysis. Inclusion criteria were original articles with at least 10 patients, age >18 years, and those who included a detailed description of the surveillance regimen used for at least 1 year after surgery. We included all types of urethral strictures and repairs in our evaluation. Exclusion criteria included studies with pediatric and female patients, genitoplasty, review articles, studies focusing on erectile dysfunction after urethroplasty, and studies that did not delineate a surveillance protocol. We abstracted the surveillance regimen and modalities used, type of stricture, type of repair, number of patients, and follow-up period.
Cost data of individual procedures and level 3 office visits were extrapolated from charges from the standard 2013 nonfacility fee obtained from the Centers for Medicare and Medicaid Services (Web site: www.CMS.gov). The costs of urine culture and urine analysis were based on the usual customary and reasonable fee at the 50th percentile. Costs for surveillance regimen were a summation of charges from each individual component. Office visits were presumed to be a level 3 visit. The initial visit for catheter removal was presumed to be covered under the global cost of surgery, and thus, nonprocedure office visit costs were not included in the cost analysis; however, procedures performed were included in the final cost analysis.
Descriptive statistics were used (Microsoft Excel, version 14.1.0 [2011]; Redmond, Washington,). Additionally, the chisquare test was used to determine significance in cost by stricture type using GraphPad Prism (version 5.00; GraphPad Software Inc, La Jolla, CA). Supplementary Figure 1 details our literature search. From our initial literature search, we identified 559 potential studies for inclusion. Of these, 474 were excluded because they either included female or pediatric patients (258 studies); did not address surveillance, urethral strictures, or recurrence after urethroplasty (171 studies); had <10 patients (36 studies); or included transgender patients undergoing nonurethral stricture surgery (9 studies). Of the remaining 85 studies, 41 were excluded because they did not clearly delineate a surveillance regimen that spanned from catheter removal to at least 1 year after surgery. We included a total of 44 studies in our final analysis.
RESULTS

Study Characteristics
Supplementary Table 1 lists study characteristics. The number of patients per study ranged from 11 to 206, and follow-up ranged from 5 to 97 months. Studies most commonly examined anterior urethral strictures (37 of 44 [84.1%]).
Surveillance Modalities
Commonly used surveillance modalities included symptom evaluation, UA, UCx, UF, PVR, RUG, VCUG, cystourethroscopy, and US. One study performed urethral calibration routinely as part of surveillance regimen. This was a single-stage reconstruction of complex anterior urethral strictures. Calibration was with a 16F catheter. 9,10 A total of 37 of 44 patients (84.1%) performed an RUG or VCUG at the time of catheter removal, which typically was 2-4 weeks after surgery. Figure 1 lists the frequency by which each surveillance modality was performed. Imaging, symptom evaluation, and UF or PVR were used in different frequencies. This ranged from as frequent as every month to annually.
Surveillance Charges
Charges derived from the Centers for Medicare and Medicaid Services data for individual modalities are listed in Table 1 . Cystourethroscopy costs $202, RUG with interpretation is $124, VCUG with interpretation is $271, US is $110, UCx is $41, UA is $16, UF is $16, PVR is $20, and a level 3 office visit is $73.
With available data, we were able to calculate charges from the first year of surveillance (Fig. 2) . When available, we extrapolated charges to 5 years. This was available for 28 of 44 studies. Supplementary Table 1 lists charges of each surveillance regimen. Table 2 lists charges of the first year of surveillance by stricture type. For surgeries due to anterior urethral strictures, the first year ranged from $205 to $1784. Average was $777 AE 395 and median was $660. Five-year charges ranged from $844 to $4494. Average charge was $1397 AE 834 and median was $1069. For posterior urethral surgery, charges for the first year ranged from $404 to $961. Average charge was $724 AE 259 and median charge was $800. Five-year charge was available only for 1 study and was $1286. Most of the charges were accumulated during the first year of surveillance. When comparing anterior vs posterior urethral strictures, the charges of surveillance for the first year were not statistically significant (P ¼ .76).
COMMENT
There is significant practice variability and cost for surveillance of urethral strictures. The first-year charges of anterior urethral stricture surveillance, for instance, ranged from $205 to $1784. Cost-effective research and practices are now emphasized to mitigate rising health care costs. 11 Studies have demonstrated that urethroplasty is not only a more durable treatment but it is also more cost effective than direct vision internal urethrotomy in the management of short bulbar urethral strictures. In spite of its relatively high success rate, there is a risk for stricture recurrence. The optimal regimen for routine surveillance after urethroplasty has not been established. 5 Furthermore, the optimal intensity and frequency of follow-up is not known.
In addition to cost, it is essential to consider the risks of each modality. For instance, complications after cystourethroscopy include symptomatic urinary tract infection in 1.8%-10% of patients. [12] [13] [14] [15] [16] [17] [18] Per the American Urological Association's Best Practice Policy Statement on Urologic Surgery Antimicrobial Prophylaxis, 19 patients with "anatomic anomalies of the urinary tract" or "advanced age" should receive periprocedural antibiotics at the time of cystourethroscopy. The additional costs of antibiotics, allergic reactions, and bacterial resistance should be considered. 14 With RUG and VCUG, one needs to consider the discomfort of catheter placement and exposure to radiation. No adverse events have been reported in the literature with symptom evaluation, UF or PVR.
Study Performance
The test characteristics of UF, penile US, and RUG to detect stricture recurrence are reviewed in Supplementary  Table 2 . The sensitivity of UF compared with RUG or VCUG increases as flow rate increases and specificity increases as flow rate decreases. Per Erickson et al, sensitivity increases to 92% with flow rates <20 mL/s and specificity increases to 93% with flow rates <10 mL/s. The positive predictive value is 73% with flow rates <10 mL/s and negative predictive value is 96% with flow rates <20 mL/s. 20, 21 Choudhary et al compared US vs RUG with intraoperative confirmation of stricture. With RUG and US, sensitivity increased as stricture length increased, and specificity generally was high for all stricture lengths. 22 Cystoscopy is traditionally used as the gold standard for determination of urethral stricture and is presumed to provide 100% sensitivity and specificity. 5 PVR measurement has not been independently validated in urethral stricture disease. 5 We advocate for a risk-stratified model, where surveillance is tailored to the patient. Similar to principles used in oncology, where higher risk patients undergo more extensive surveillance, patients with risk factors that predict a greater risk for recurrence should have a more rigorous surveillance regimen. In an approach described by Belsante et al, 11 in a symptom-based riskstratified protocol, patients considered low risk after end primary anastamosis were followed up with symptom scores, and as needed, follow-up appointments vs standard risk patients were followed up with symptom scores, UF every 3 months for the first year, and an RUG at 3 and 12 months. With this tailored approach, they demonstrated a 5-year cost of risk-stratified surveillance of $430 vs $2827 using standard follow-up strategies with a nationwide cost savings of $11 million dollars over 5 years. 11 This approach would ideally target those patients at greatest risk for recurrence and those who would benefit most from closer surveillance.
Our study has several limitations. The protocols evaluated were from research studies, which may not mirror real-life practices. Most studies do not comment on patient compliance with follow-up, which may differ among referral centers. Additionally, of 559 studies evaluated, only 44 described detailed surveillance modalities. This may introduce an element of bias in our analysis. We used the 2013 Medicare costs, which may not be accurate, and we have not factored in the cost of travel and lost time from work for various follow-up regimens. The most important weakness of the study is that it is unknown whether surveillance of asymptomatic patients after urethroplasty has any benefit. In oncology, the goal of a surveillance regimen is to identify recurrences earlier so that earlier treatment can be initiated, with the assumption that early treatment is more likely to be successful 
CONCLUSION
There is significant practice variability for surveillance of urethral stricture recurrence. This correlates with notable differences in cost and is independent of the type of stricture and repair. The majority of surveillance costs are accrued during the first year after surgery. More invasive techniques have a higher sensitivity and specificity but are also associated with more adverse events. Ultimately, a risk-stratified model, where surveillance is tailored to the patient's risks factors, may be a more optimal approach to surveillance of urethral strictures. Although we have demonstrated great variability in both used technique and cost of surveillance after urethroplasty, the optimal method to follow-up patients has not been defined. We need a regimen that considers recurrence risk, patient experience, and cost. We may need different surveillance methods for patients enrolled in prospective urethroplasty outcome studies compared with standard urethroplasty patients as well. In addition to the costs of surveillance modalities, we must also consider the costs of delayed diagnosis or missed diagnosis, both in monetary term and patient quality of life terms. 
